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(54) Method for compensating steering of motor drive power steering system

(57) Disclosed herein is a method for compensating

steering of a motor drive power steering (MDPS) system.

In this method, the MDPS system determines a slip of a

vehicle, calculates a steering compensation value and

controls a gain based on moment input from an electronic
stability program (ESP) system under coordinate control
between the MDPS system and the ESP system, so that
stability of the vehicle can be enhanced by reducing het-
erogeneous steering and preventing over steering.
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Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The present invention relates to a method for
compensating steering of a motor drive power steering
system. More particularly, the present invention relates
to a method for compensating steering of a motor drive
power steering system, in which the motor drive power
steering system determines a slip of a vehicle, calculates
a steering compensation value, and controls a gain
based on moment input from an electronic stability pro-
gram system under coordinate control between the motor
drive power steering system and the electronic stability
program system, so that stability of the vehicle can be
enhanced by reducing heterogeneous steering and pre-
venting oversteer.

2. Description of the Related Art

[0002] Ingeneral,there are many cases where apower
steering pump is used to allow a steering wheel to be
easily turned in a vehicle steering system, and most pow-
er steering pumps employ a system for making easy left
and right turns based on an oil flow obtained when an
engine is driven to rotate.

[0003] For this purpose, a motor drive power steering
(MDPS) system has recently been applied to some kinds
of vehicles.

[0004] The MDPS system does not utilize the oil flow
due to rotation of the engine, but utilizes a system that
employs rotation of a motor to make a steering wheel
easy to turn. The MDPS system has a prominent effect
on improving fuel economy since it reduces engine load.
[0005] Inthe MDPS system, an MDPS unit is provided
in the steering system to control the motor and output a
steering-angle signal.

[0006] Further, an electronic stability program (ESP)
system has recently been applied to some kinds of ve-
hicles. The ESP system selectively applies a brake on
front, rear, left and right wheels to prevent the vehicle
from slipping due to an extremely unstable state when
accelerating, braking or cornering, thereby not only sta-
bilizing behavior of the vehicle but also correcting a driv-
er’'s mistake. The ESP system includes an ESP unit.
[0007] As such, if the MDPS system and the ESP sys-
tem are provided to the vehicle, a controller area network
(CAN) communication is basically employed for data
communication between these systems.

[0008] The above descriptions are related not to the
prior art, but just a background of the invention.

[0009] In the case of coordinate control through the
CAN communication between the MDPS system and the
ESP system, the ESP system controls the MDPS system
to have torque such that a driver feels heavy steering at
oversteer or understeer, thereby inducing driver counter
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steer.

[0010] However, if the ESP system just applies certain
torque to the MDPS system, there arises a problem in
that the driver feels heterogeneous steering.

[0011] Thatis, the ESP system supplies overlay torque
to the MDPS system by generating the counter-steering
upon the excessive slip of the vehicle, so that the overlay
torque is turned into the heterogeneous steering.
[0012] Further, the ESP system gives the MDPS sys-
tem an overlay torque command without determining a
detailed operation of the MDPS system, so that there is
a limit to solve the heterogeneous steering.

SUMMARY OF THE INVENTION

[0013] The presentinvention is conceived to solve the
problems of the conventional techniques as described
above, and an aspect of the present invention is to a
method for compensating steering of an MDPS system,
in which the MDPS system determines a slip of a vehicle,
calculates a steering compensation value, and controls
a gain based on moment input from an electronic stability
program (ESP) system under coordinate control between
the MDPS system and the ESP system, so that stability
of the vehicle can be enhanced by reducing heterogene-
ous steering and preventing oversteer.

[0014] According to an aspect of the presentinvention,
a method for compensating steering of an MDPS system
is provided. The method includes: calculating primary tid-
al torque through the MDPS system; calculating self-
alignment torque generated when steering a vehicle; de-
termining a steering compensation value based on the
self-alignment torque and a steering angle; calculating
secondary tidal torque by applying the steering compen-
sation value according to a vehicle speed to the primary
tidal torque; and controlling an application gain of the
secondary tidal torque in accordance with moment input
from an electronic stability program (ESP) system to ob-
tain final tidal torque.

[0015] The self-alignment torque may be calculated by
adding driver’s steering torque, assistant torque of the
MDPS system, and friction of a vehicle steering system
[0016] The assistant torque of the MDPS system may
be calculated from an electric current flowing in a drive
motor of the MDPS system.

[0017] The steering compensation value may be in
proportion to the steering angle but in inverse proportion
to the self-alignment torque, and may be determined ac-
cording to a mapping diagram which decreases logarith-
mically depending on the self-alignment torque.

[0018] The steering compensation value according to
the vehicle speed may be varied according to whether
the vehicle is being parked or driven.

[0019] When the vehicle is driven, the vehicle speed
may be greater than or equal to 60km/h.

[0020] The moment input from the ESP system may
include a z-axis moment.

[0021] The application gain to obtain the final tidal
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torque may be calculated by a ratio of the moment to a
tuning parameter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0022] The above and other aspects, features and ad-
vantages of the present invention will become apparent
from the following description of a preferred embodiment
given in conjunction with the accompanying drawings, in
which:

Fig. 1 is a flowchart explaining a method for com-
pensating steering of a motor drive power steering
(MDPS) system according to an embodiment of the
present invention;

Fig. 2 is a graph depicting variation in general self-
alignment torque;

Fig. 3 is a graph depicting self-alignment torque
measured according to steering angles;

Fig. 4 is amapping diagram showing a steering com-
pensation value applied to the method for compen-
sating steering of the MDPS system according to an
embodiment of the present invention; and

Fig. 5 is a graph depicting an application range of
the steering compensation value according to a ve-
hicle speed in the method for compensating steering
of the MDPS system according to an embodiment
of the present invention.

DETAILED DESCRIPTION OF THE EMBODIMENT

[0023] Embodiments of the present invention will now
be described in detail with reference to the accompanying
drawings. It should be noted that the drawings are not to
precise scale and may be exaggerated in thickness of
lines or size of components for descriptive convenience
and clarity only. Furthermore, terms used herein are de-
fined by taking functions of the present invention into ac-
count and can be changed according to the custom or
intention of users or operators. Therefore, definition of
the terms should be made according to overall disclo-
sures set forth herein.

[0024] Fig. 1 is a flowchart explaining a method for
compensating steering of an MDPS system according to
an embodiment of the present invention.

[0025] InFig. 1,the method for compensating steering
of the MDPS system includes calculating primary tidal
torque through the MDPS system in operation S10; cal-
culating self-alignment torque generated when steering
a vehicle in operation S20; determining a steering com-
pensation value based on the self-alignment torque and
a steering angle in operation S30; calculating secondary
tidal torque by applying the steering compensation value
according to speeds of the vehicle to the primary tidal
torque in operation S40; and controlling an application
gain of the secondary tidal torque in accordance with
moment input from an electronic stability program (ESP)
system and obtaining final tidal torque in operations S50
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and S60.

[0026] Detailed descriptions of the above method for
compensating the steering of the MDPS system are as
follows.

[0027] In operation S10, the MDPS system calculates
the primary tidal torque based on steering torque, the
steering angle, and the vehicle speed.

[0028] Inoperation S20, the self-alignment torque gen-
erated when steering the vehicle is calculated to deter-
mine a slip of the vehicle.

[0029] The self-alignment torque decreases when an
excessive slip occurs on a low-friction road surface. At
this time, a driver feels light steering torque, and the as-
sistant torque of the MDPS system is also lowered. On
the other hand, steering input becomes larger.

[0030] In other words, at the moment when the exces-
sive slip occurs on the low-friction road surface, a driver
experiences a much low self-alignment torque than usu-
al. Thus, the steering angle of this time is compared to
thereby determine whether slip has occurred or not.
[0031] If it is determined that slip has occurred, the
steering torque increases so that a driver experiences
heavy steering torque. Further, a torque overlay function
is fulfilled to provide elasticity so that steering can be
performed easily during reverse steering.

[0032] As methods for fulfilling the torque overlay func-
tion of the MDPS system, there are generally two meth-
ods.

[0033] One method is to providing steering elasticity
by calculating the self-alignment torque, and the other
method is to realize heavy steering based on z-axis mo-
ment of the vehicle input from the ESP system.

[0034] First, the method of providing the steering elas-
ticity by calculating the self-alignment torque will be de-
scribed below.

[0035] Here, the self-alignment torque refers to a force
for restoring a steering wheel to a center position, which
is caused by torsion based on friction between a road
surface and a tire.

[0036] Fig. 2 is a graph depicting variation in general
self-alignment torque.

[0037] In Fig. 2, the self-alignment torque linearly and
continuously increases before region A, is saturated near
the region A, and nonlinearly decreases after the region
A.

[0038] Accordingly, to estimate the self-alignment
torque, driver’s steering torque Tggnsor» MDPS system’s
assistant torque T.gs, and vehicle steering system’s
friction fgystem are combined as in Expression 1.

[Expression 1]

Taling = Tsensor T Tassist + fsystem

[0039] Here, the assistant torque T ;s Of the MDPS
system is calculated by an electric current flowing in a
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drive motor and a worm-gear ratio as in Expression 2.

[Expression 2]

Tassist = Im<'.>tor X Gworm

[0040] Thus, the calculated self-alignment torque is
used to determine the region A of Fig. 2, when excessive
slippage of a tire occurs.

[0041] Fig. 3is agraph depicting self-alignment torque
measured according to steering angles.

[0042] In Fig. 3, 'B’ indicates the steering angle, and
'C’ indicates the self-alignment torque.

[0043] Referring to region D in Fig. 3, the self-align-
ment torque becomes zero at a steering angle of -100
degrees, and maintains a small value until the steering
angle becomes zero. Slip occurs within this region. In
this region, torque is applied in a direction of counter-
steering, i.e., in a direction counter to the steering, and
thus a steering compensation value is applied, so that a
driver can feel the elasticity when steering.

[0044] In operation S30, the steering compensation
value is determined through mapping in consideration of
the steering angle, i.e., the steering input.

[0045] Fig. 4 is a mapping diagram showing a steering
compensation value applied to the method for compen-
sating steering of the MDPS system according to an em-
bodiment of the invention.

[0046] InFig. 4, a horizontal axis indicates an estimat-
ed value of the self-alignment torque, and the steering
compensation value of a vertical axis is determined cor-
responding to input steering angles.

[0047] Under normal driving conditions, the self-align-
ment torque increases as the input steering angle of a
driver increases. Nevertheless, if a driver continuously
increases the steering angle excessively, a front wheel
slips in excess. At this moment, the self-alignment torque
decreases nonlinearly. Specifically, the moment when
the self-alignment torque is abnormally decreased even
though the input steering angle is large approximates to
the origin of the horizontal axis. At this time, the steering
compensation value is determined according to input
steering angles of a driver.

[0048] The mapping diagram of the steering compen-
sation value logarithmically drops from left to right, there-
by eliminating the heterogeneous steering.

[0049] In operation S40, the steering compensation
value is applied to the primary tidal torque according to
the vehicle speed, so that the secondary tidal torque can
be calculated.

[0050] Fig. 5is a graph depicting an application range
of the steering compensation value according to a vehicle
speed in the method for compensating steering of the
MDPS system according to an embodiment of the
present invention.

[0051] In Fig. 5, for example, if the vehicle speed is
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slower than or equal to 20km/h, the steering compensa-
tion value is not applied. If the vehicle speed is faster
than or equal to 60km/h, the steering compensation value
is maximally applied. If the vehicle speed is faster than
20km/h and slower than 60km/h, the steering compen-
sation value is linearly applied.

[0052] Thatis, at a low speed, e.g., while parking the
vehicle, the steering compensation value is not applied
since it is not a dangerous situation and a driver can
control the vehicle even though the steering compensa-
tion value is determined. On the other hand, under the
normal driving condition, the determined steering com-
pensation value is maximally applied to thereby fulfill the
steering elasticity.

[0053] Next, to fulfill the torque overlay function of the
MDPS system, the z-axis moment M,, of the vehicle input
from the ESP system is used to provide the heavy steer-
ing feel when understeer or oversteer occurs.

[0054] In operations S50 and S60, an application gain
of the secondary tidal torque is controlled in accordance
with the z-axis moment M, input from the ESP system
and a final tidal torque is obtained.

[0055] Here, the gain is obtained by Expression 3
where A’ is variable as a tuning parameter according to
the steering heaviness to be achieved by adjustment ac-
cording to user demand.

[Expression 3]

oo 2

[0056] The obtained gain has a value of 0 to 1. Then,
the secondary tidal torque is multiplied by the gain, so
that the steering heaviness can be varied according to
the values of the gain when the z-axis moment M, is
generated, i.e., when the ESP system operates, and thus
the front wheel of the vehicle generates the moment as
the vehicle spins.

[0057] For example, it is assumed that the moment of
the vehicle, generated by brake pressure, is 5000Nm. In
the case that tuning parameter A is set to 5000, the gain
of Expression 3 becomes zero, so that it is regarded as
the most dangerous situation and the steering feel of the
MDPS system is maximized to prevent a driver from over-
steering. On the other hand, in the case that tuning pa-
rameter A is set to T000Nm, the gain becomes 0.8, so
that the final tidal torque can be decreased by as much
as about 80% of the secondary tidal torque and thus a
driver feels a steering heaviness of about 20%.

[0058] Under the coordinate control between the
MDPS system and the ESP system, the driving motor
current and the steering torque of the MDPS system are
used to determine whether the vehicle slips or not, and
the steering feel is made heavier to prevent the excessive
steering when the vehicle slips excessively. Further,
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countersteer is possible when oversteer or understeer is
generated, thereby enhancing stability of the vehicle.
[0059] Further, oversteer or understeer is determined
by the MDPS system, so that improved steering feel can
be provided to a driver of a vehicle while solving the het-
erogeneous steering, and a desired steering feel can also
be provided to the driver since degree of tuning freedom
is higher than that of the conventional method in which
the ESP system simply applies the torque command.
[0060] As described above, according to the embodi-
ment of the present invention, an MDPS system deter-
mines a slip of a vehicle, calculates a steering compen-
sation value, and controls a gain based on moment input
from an ESP system under coordinate control between
the MDPS system and the ESP system, so that stability
of the vehicle can be enhanced by reducing heterogene-
ous steering and preventing oversteer.

[0061] Although the present invention has been de-
scribed with reference to the embodiments and the ac-
companying drawings, it will be apparent to those skilled
in the art that the embodiments are given by way of illus-
tration, and that various modifications and equivalentem-
bodiments can be made without departing from the spirit
and scope of the present invention. Accordingly, the
scope of the present invention should be limited only by
the accompanying claims as set forth below.

Claims

1. A method for compensating steering of a motor drive
power steering (MDPS) system, the method com-
prising:

calculating primary tidal torque through the
MDPS system;

calculating self-alignment torque generated
when steering a vehicle;

determining a steering compensation value
based on the self-alignment torque and a steer-
ing angle;

calculating secondary tidal torque by applying
the steering compensation value according to a
vehicle speed to the primary tidal torque; and
controlling an application gain of the secondary
tidal torque in accordance with moment input
from an electronic stability program (ESP) sys-
tem to obtain final tidal torque.

2. The method according to claim 1, characterized in
that the self-alignment torque is calculated by add-
ing driver’s steering torque, assistant torque of the
MDPS system, and friction of a vehicle steering sys-
tem.

3. The method according to claim 2, characterized in
that the assistant torque of the MDPS system is cal-
culated from an electric current flowing in a drive
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motor of the MDPS system.

The method according to claim 1, characterized in
that the steering compensation value is in proportion
to the steering angle but in inverse proportion to the
self-alignment torque, and is determined according
to a mapping diagram which decreases logarithmi-
cally depending on the self-alignment torque.

The method according to claim 1, characterized in
that the steering compensation value according to
the vehicle speed is varied according to whether the
vehicle is being parked or driven.

The method according to claim 5, characterized in
that the vehicle speed is greater than or equal to
60km/h when the vehicle is driven.

The method according to claim 1, characterized in
that the moment input from the ESP system com-
prises a z-axis moment.

The method according to claim 1, characterized in
that the application gain to obtain the final tidal
torque is calculated by a ratio of the moment to a
tuning parameter.
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Fig. 2
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Fig. 3
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Fig. 4
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